Indwelling arterial cannulae are used widely in the intensive care unit to permit pressure monitoring and blood sampling. The patency of the cannulae and connecting tubing is maintained by flushing with heparinized saline. Before taking samples for analysis, the heparinized saline in the catheter must be discarded to avoid dilution. Personal observation showed that, in the intensive care unit in the University Hospital of Wales, the volume of discard varied, between clinicians, from 3 to 10 ml. Palermo, Andrews and Ellison (1980) have studied this problem in relation to the assessment of coagulation; Dennis and colleagues (1985) have studied it in relation to the measurement of blood-gas tensions, but only for a catheter of unspecified internal volume.
In order to ascertain the minimum discard volume needed to obtain a representative arterial blood sample, some relevant biochemical indices were analysed in the first 10 ml of fluid taken from arterial catheters in five 2-ml increments.
PATIENTS AND METHODS
Five patients scheduled for cardiac surgery, who had indwelling radial and femoral arterial cannulae in situ, were studied in the perioperative period. Approval was obtained from the local ethical committee. The radial cannula (Venflon 2, Viggo products, 1452-2, 20-gauge, deadspace volume 0.15 ml) and the femoral cannula (leader cath, Vygon, 124.15, 18-gauge, 18 cm, volume 0.2 ml) were connected to three-way taps (Connecta, Viggo Products, 4614-4, volume 0.1 ml) via 200-cm connecting tubing (lectro-cath, Vygon, 1155.20, volume 1.85 ml). The total volume of both systems was close to 2.1 ml. The volumes were determined by weighing each component, and each complete system, dry and full of water.
SUMMARY
In each patient, each system was sampled on three separate occasions. On each occasion the sample consisted of five successive aliquots, each drawn into a separate 2-ml polypropylene syringe (Monoject). The syringes were heparinized using 0.5 ml of sodium heparin, 1000 u ml" 1 , which was then discarded leaving only that volume (~ 0.05 ml) which remained in the hub of the syringe. All samples were taken by the same person (M.C.) to ensure that the technique and rate of sampling (about 10 s for 2 ml) were consistent.
Each aliquot was analysed in duplicate using a Corning 178 blood-gas analyser and Corning oximeter M2500 (Ciba Corning Ltd, Halstead, Essex) for: pH, carbon dioxide tension (Pco,), oxygen tension (Po,), standard bicarbonate (StB), haemoglobin concentration (Hb) and haemoglobin oxygen saturation (So,). The order in which the specimens were analysed was randomized separately for the initial and duplicate analyses. The potassium concentration (K + ) was measured once on the remaining serum using a Beckman ISE electrolyte analyser E2 (Beckman, High Wycombe, Bucks). Blood analysis, on well-mixed samples, was started within 5 min of collection and concluded within 30 min, the samples being kept at room temperature.
Statistics
With analysis of each batch of aliquots spread over 20-25 min, there was generally some deterioration of the sample with time. This deterioration was estimated for each variable with a linear regression technique (see Appendix) and the estimate used to correct all measurements to what each would have been if it had been made at the time of the first analysis of each batch. An analysis of variance was performed on the corrected measurements. The structure of this analysis (see Appendix) distinguished (1) random variation between patients, between samples, between aliquots and between measurements, and (2) systematic differences between catheters and between aliquots, and any systematic catheteraliquot interaction. The catheter-aliquot interaction will reveal any tendency for contamination to become insignificant after fewer aliquots with one catheter than with the other.
The analysis of variance was performed using the Genstat statistical package, version 4.03 (Numerical Algorithms Group Ltd) on a Honeywell mainframe computer running under Multics release 10.1.
RESULTS
With a slight exception in the case of Pco, (see Appendix) there was no significant difference between catheters (P>0.1) and no significant catheter-aliquot interaction (P > 0.1). Accordingly, the results for each variable are summarized in table I in terms of the mean, for each aliquot, of both analyses of all samples for both catheters. The differences between means should be interpreted by reference to the standard errors of the differences between the pairs of means, which are given in the last column. The oximeter was unable to read the first aliquot, because the haemoglobin was below the measurement threshold (5 g dl" 1 ). For interest, the rate of deterioration of the samples with time is shown in table II.
DISCUSSION
It can be seen that the first aliquot was clearly anomalous for most variables and that the second was also significantly different from the remainder for PcOj, StB, K+, and Hb.
Although the Po, results show no significant difference between the aliquots, it is clear that the BRITISH JOURNAL OF ANAESTHESIA pattern of results mirrored that of Pco,, StB, and K + . The explanation no doubt lies in the fact that, in this study, the Po 2 of the first aliquot was essentially that of a specimen of heparinized saline equilibrated with air at room temperature and measured at 37 °C, and that the Po, values in our patients happened to be similar. If the Po 2 of the blood were more removed from that of the saline, then no doubt there would be significant differences between aliquots.
It would appear that, for the present variables, and for both types and sites of cannula (with a total internal volume of approximately 2 ml), valid results are obtained for all measurements after a 4-ml discard but not after a 2-ml discard. This is in agreement with Palermo, Andrews and Ellison (1980) who recommended a discard volume of twice the internal volume, on the basis of coagulation measurements on blood samples drawn through catheters of 1.5 and 1.8 ml internal volume. A close study of their results suggests that a smaller discard volume might possibly be adequate. On the other hand Dennis and colleagues (1985) , measuring blood-gas tensions and spun haematocrit, found that a 20-gauge, 3.2-cm radial arterial cannula, together with a 7-ft (2.1-m) connecting tube required a discard volume of 10 ml before sampling was satisfactory. They did not state the internal volume of their system, but recommended that each intensive care unit should make a similar study to determine the appropriate volume. This may well be sound advice, since it can be inferred from table I that, whatever the internal volume of a catheter system, the minimum discard volume will depend on (1) the extent to which the measurement is altered by the contaminating flushing fluid and (2) the extent of the error in measurement that is acceptable. In addition, it is conceivable that the speed at which the sample is drawn may affect mixing in the catheter and, hence, may influence the result.
With most of the variables in this study, the true value in a patient can change rapidly, often without clinical signs. Therefore, if the measurement of one of these variables changes from one blood sample to the next, it may be impossible, from that measurement alone, to discriminate between a true change and contamination of the sample. However, major changes in haemoglobin concentration are associated with marked clinical signs and symptoms (e.g. acute blood loss) or with clinical intervention (e.g. fluid administration). Accordingly, an unexpectedly low haemoglobin concentration can be an indicator of inadequate discard volume. Therefore, the concurrent, routine determination of haemoglobin concentration in all blood samples for blood-gas and potassium analysis could help identify invalid samples.
Invalidity of the sample is of particular importance in the case of potassium concentration. If this is falsely reported to be low, it is likely that potassium will be administered and this can result in cardiac arrhythmia and even arrest.
CONCLUSION
With the widespread use of indwelling arterial cannulae for blood sampling, the importance of reliable samples is paramount and the removal of an adequate discard volume before sampling is mandatory. In the catheters used in our intensive care unit, with a deadspace of approximately 2 ml, and for the variables measured in this paper, a discard volume of 4 ml is adequate.
It is tempting to assume that discarding a volume of twice the deadspace will always be adequate but, until this is established for several different circumstances, it would be prudent to verify the performance in any particular circumstance. If the interest is solely in concentrations, it should be adequate to measure just one substance which is present in blood and absent from the flushing liquid. Other properties of blood might conceivably be influenced by trace contamination by flushing liquid, although this did not appear to be the case with the coagulation measurements of Palermo, Andrews and Ellison (1980) .
Oximeter measurement of haemoglobin concentration can give warning of inadequate discard. However, when the analysis of variance was repeated for these three variables with only the last four aliquots included, the second aliquot was still highly significantly different from the fifth.
RESULTS FOR Pco, Pco, was the only variable with any suggestion of a difference between catheters (variance ratio 5.0; d.f. 1, 24; 0.025 < P < 0.05) or catheter-aliquot interaction (variance ratio 2.2; d.f. 4, 112; 0.05 < P < 0.1). However, table III shows that the difference between catheters was almost the same for all the last four aliquots. The simplest explanation of this is that the true mean Pco, of the 15 samples drawn through the femoral catheter happened, by chance, to be about 0.6 kPa greater than that of the 15 drawn through the radial catheter.
